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Abstract. Using Thomas-Fermi (TF) and Thomas-Fermi-Dirac (TFD) models, we have investigated the
properties of electron gas inside two-dimensional (2D) Wigner-Seitz (WS) cells in presence of a strong
orthogonal quantizing magnetic field. The electron-electron Coulomb exchange interaction in quasi-2D
case is obtained. The exact form of exchange term in 2D is derived making the width of the system
tending to zero. Further, using the exchange term, the Thomas-Fermi-Dirac equation in 2D is established.
It has been observed that only the ionized WS cell can have finite radius in the Thomas-Fermi model, even
in presence of a strong quantizing magnetic field. On the other hand, in the Thomas-Fermi-Dirac model a
neutral WS cell can have finite radius.
PACS. 31.15.p Two-dimensional electron gas – 31.20.Lr Thomas-Fermi Model – 05.30.Ch Thomas-Fermi-
Dirac Model – 71.70 Landau levels
1 Introduction
Using Fermi statistics, a formalism was developed by L.H.
Thomas and E. Fermi to obtain the charge distribution
and also the distribution of electric field in the extra-
nuclear space inside heavy atoms [1,2]. This formalism
is known as the Thomas-Fermi model. The electrons in-
side the atoms are assumed to be a degenerate Fermi gas.
In this model the electron density is found to be nonuni-
form inside the atom, i.e., ne ≡ ne(r), where r is the ra-
dial distance vector of the point from the nucleus situated
at the center of the atom. The nucleus at the centre has
been assumed to be a point particle. The electric poten-
tial φ(r) and the corresponding electric field vector E(r)
within the atom also vary with the radial vector. The elec-
tron density has been observed to be a smoothly varying
function of radial coordinate r, instead of having peaks
according to shell model. Where the atoms are assumed
to be of spherically symmetric in shape. The model was
successful in predicting the binding energies of the atoms
[3]. With some suitable modification the model has been
successfully applied to molecules, solids and also to nu-
clei [4] to explain some of the experimentally observed
phenomena. The electronic shell effect was also incorpo-
rated in the model. The model could also satisfactorily
explain the thermodynamic properties of dense degener-
ate electron gas. For very high density matter, the elec-
tron gas surrounding the nucleus is assumed to be en-
closed in a region, called WS cell [5]. Therefore in such
situation, instead of atoms in a solid, there are regularly
spaced WS cells, which are assumed to be charge neu-
tral and spherically symmetric. There are also relativistic
generalization of TF model for very high density electron
gas and the model was found to be successful to investi-
gate the thermodynamic properties of such high density
degenerate electron gas [8].
Generalized versions of non-relativistic as well as rel-
ativistic form of Thomas-Fermi equations in presence of
strong quantizing magnetic field, when the Landau levels
for the electrons are populated have also been obtained
[7,9,10]. The thermodynamic properties of matter inside
the magnetically deformed WS cells have also been inves-
tigated. In presence of strong quantizing magnetic field,
the electron pressure becomes anisotropic inside the WS
cells. As a result they will be deformed to ellipsoidal shape
from their usual spherical structure [11].
However, all these investigations are associated with
three dimensional degenerate electron gas, enclosed inside
WS cells. There are only a few reported results on the
study of two dimensional electron gas using Thomas-Fermi
model [12,13,14]. Further, to the best of our knowledge,
no studies have been reported on the two dimensional
Thomas-Fermi model for electron gas in presence of strong
quantizing orthogonal magnetic field, in which the Lan-
dau levels are populated for the electrons. Again, in the
three dimensional case, incorporating electron-electron ex-
change interaction, a modified form of Thomas-Fermi equa-
tion, called the Thomas-Fermi-Dirac equation has been
developed both for non-relativistic as well as for relativis-
tic electron gas with or without the presence of mag-
netic field [5,6,7,8,9]. Unfortunately, no such formalism
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has been developed in the case of two dimension. To the
best of our knowledge, the first reported result on two
dimensional Thomas-Fermi model for degenerate electron
gas in absence of magnetic field is by Bhaduri et. el. [12]
(see also [13,14]).
Two dimensional electron gas has a lot of important
applications in modern days condensed matter physics.
The electrons in 2D are constrained to move in two dimen-
sional sheet embedded in a three dimensional space. Such
two dimensional electron gas may be realized in many
semi-conductor devices [15]. There are also possibility of
having two dimensional electron gas on the surface of ma-
terials, e.g., liquid He [16]. In such system electrons are
free to move on the surface of liquid He but rigidly at-
tached with the He atoms. There are also a kind of solid
insulators, e.g., topological insulators [17], the surface of
which supports conducting states of free electrons.
During the present days the most interesting two di-
mensional system in condensed matter physics is graphene.
It is an almost ideal two dimensional material developed
in the laboratory using graphite [18,19,20]. It has been
observed that graphene can support 2D electron gas. It
has become a topic of current interest due to a large num-
ber of application of graphene. There are also a lot of aca-
demic interest on the theoretical investigation of graphene.
In particular, application of quantum electrodynamics in
graphene and study of the physics of mass-less electrons
or chiral electrons using two component Dirac equation.
In this article we have investigated the properties of
electron gas enclosed in two-dimensional WS cells, which
are embedded in a three-dimensional space. The WS cells
are assumed to be on x−y plane and the strong magnetic
field is along z-axis. The electrons are constrained to move
on x−y plane. The presence of strong magnetic field along
z-direction makes the electron energy eigen value discrete.
The motion of the electrons on x−y plane are in quantized
form. This is the well known Landau quantization in 2D.
The electron energy therefore does not depend on pz, the
component of momentum along z-direction. However, the
momentum component on x−y plane changes in a discrete
manner.
We have organized the various sections of this article
in the following manner: In the next section we have de-
veloped the basic formalism for two dimensional Thomas-
Fermi model for degenerate electron gas in presence of
strong quantizing orthogonal magnetic field. In section
3 we have studied the thermodynamic properties of 2D
degenerate electron gas inside a WS cell in presence of
a strong quantizing magnetic field. In section 4 we have
considered the electron-electron exchange interaction in
absence of magnetic field and incorporate this result in
Thomas-Fermi condition to obtain Thomas-Fermi-Dirac
equation satisfied by degenerate electron gas in 2D. In
section 5 we have shown explicitly that the same technique
can not be followed to obtained Thomas-Fermi-Dirac equa-
tion for degenerate electron gas in presence of strong qua-
tizing magnetic field. However, for the conventional three
dimensional case, one can obtain exchange energy for elec-
trons [9]. Finally we present the conclusion of this work.
2 Basic Formalism
We assume that the constant external magnetic field B
is along z-direction. In presence of this strong external
quantizing magnetic field, the Landau levels of the elec-
trons are populated on x−y plane. Since the electrons are
constrained to move on x−y plane, the momentum compo-
nent along z-direction, pz = 0. The quantized form of elec-
tron energy eigen value is then given by εn = (n+
1
2 )h¯ω,
where ω = eB/mc, the cyclotron frequency and n =
0, 1, 2, ......nmax, the Landau quantum numbers, nmax is
the upper limit of Landau quantum number which is finite
if the temperature of the system is zero or less than the
corresponding Fermi temperature, whereas, nmax = ∞ if
the temperature of the electron gas is greater than the
Fermi temperature. Therefore nmax is finite for strongly
degenerate electron gas, whereas in the non-degenerate
scenario, nmax is infinitely large. In the strongly degen-
erate condition the number of electrons per unit surface
area is given by
ne =
eB
2π2
(nmax + 1) (1)
Assuming εF = (nmax +
1
2 )h¯ω as the Fermi energy of the
system, we have in natural units (h¯ = c = 1),
nmax =
εF
ω
−
1
2
Then it is a little algebra to check after putting the value
of cyclotron frequency that the maximum value of Landau
quantum number decreases with the strength of magnetic
field. It becomes zero for B/Bc = 2εF/m, where Bc ≈
4.43×1013G. In the present model calculation, there is an
upper limit for the strength of magnetic, beyond which the
Landau quantum number becomes unphysical (negative in
nature). Then
ne =
eB
π2
(
εF
ω
+
1
2
)
(2)
Now for such degenerate electron gas confined inside
a 2D WS cell, at the centre of which there is a nucleus
of charge +Ze, the total negative charge carried by the
electrons inside the cell is −eN . Therefore the WS cells
are charge neutral. Since both protons inside the nucleus
and electrons within the WS cell carry electric charges, the
Poisson’s equation satisfied by the electrostatic potential
φ, produced jointly by the electrons and protons is given
by
∇2φ = 2πene − 2πZeδ(r) (3)
Here the nucleus is assumed to be a point object. The
Thomas-Fermi condition in this particular situation is given
by
µ = εF =
(
nmax(r) +
1
2
)
ω − eφ(r) = constant (4)
which gives
nmax(r) =
µ+ eφ(r)
ω
−
1
2
(5)
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In the present situation for nmax = 0, we have after sub-
stituting for ω, eB = 2m(µ+ eφ(r)), gives the upper limit
of the external magnetic field, beyond which the Landau
quantum number becomes negative, which is unphysical.
In terms of the critical values of the magnetic field Bc for
electrons at which the Landau levels for the electrons are
populated, we have
β =
B
Bc
=
2
m
(µ+ eφ(r))
where eBc = m
2 ≈ 4.4×1013RGauss. Therefore the upper
limit of external magnetic field depends on the radial dis-
tance r from the centre of the Wigner-Seitz cell through
the electrostatic potential φ(r). The number of electrons
per unit surface area is then given by
ne(r) =
eB
2π2
(nmax(r) + 1) =
eB
2π2
(
µ+ eφ(r)
ω
+
1
2
)
(6)
Since φ is a function of radial coordinate r, both ne and
nmax should also depend on the radial coordinate. Here
for the sake of simplicity we assume circular symmetry for
the WS cells. The above mentioned variables therefore do
not depend on the angular coordinate θ. Then from the
above equation we have in the extra-nuclear space of WS
cell
∇2rφ =
2π2ω
e2B
∇2rne (7)
and from the Poisson’s equation (eqn.(3)) we have for r >
0
2π2ω
e2B
∇2rne = 2πnee (8)
This is a second order differential equation for the elec-
tron density ne. On substituting the value of cyclotron
frequency, eqn.(8) can be re-expressed as
∇2rne =
e2
π
mne(r) (9)
Hence for the 2D case, with circular symmetry, the Pois-
son’s equation in radial coordinate r is given by
d2ne
dr2
+
1
r
dne
dr
=
e2m
π
ne (10)
Defining the scaled radius parameter x, given by
r =
( π
e2m
)1/2
x = bx, (11)
we have
d2ne
dx2
+
1
x
dne
dx
− ne = 0 (12)
Which is the Thomas-Fermi equation in 2D in presence of
a strong orthogonal quantizing magnetic field. The form of
this equation is exactly identical with that of field free case
[12], except the scaling parameter b = (π/e2m)1/2. Sur-
prisingly the radius of the circular type WS cell does not
change with the strength of magnetic field. However, in the
usual three dimensional case, the radius of the spherical
type WS cell decreases with the strength of magnetic field,
e.g., in [9,10], the scaling parameter µ = (π/2e3B)1/2.
Hence the actual radius r = µx varies with magnetic
field in the functional form 1/B1/2. Further in the case of
magnetically deformed cylindrical type WS cell, both the
radial as well as the axial parameters decrease with the
strength of magnetic field [11]. Therefore in the present
2D scenario we may conclude that there will be no mag-
netic contraction of WS cells and even in presence of ultra
strong quantizing magnetic field, there will be no magnetic
distortion to elliptical shape. Now it is trivial to show that
the general solution of eqn.(12) is given by [21]
ne(x) = A1I0(x) +B1K0(x) (13)
where A1 and B1 are two unknown constants to be ob-
tained from the initial and the boundary conditions and
can be expressed in terms of xs, the surface value of x,
N , the total number of electrons in the system and Z, the
total positive charge within the nucleus situated at the
centre of the WS cell. From the above solution it is quite
obvious that φ(x) −→ ∞ as x −→ 0 from the diverg-
ing nature of the modified Bessel function K0(x). (The
modified Bessel function of second kind of order zero,
K0(x) ∼ − lnx as x → 0). This is also true in the
case of three dimensional Thomas-Fermi equation, having
a singular nature at the origin. The special technique de-
veloped by Feynman, Metropolis and Teller [22] is used to
solve the Thomas-Fermi differential equation in the three
dimensional case.
Since the TF differential equation is exactly identical
with eqn.(10) of [12] then instead of repeating the calcu-
lations of [12], we shall use eqn.(17) to eqn.(20) from this
article with our changed notations and are given by
xsn
′(xs) =
(N − Z)
2πb2
(14)
The right hand side of this equation vanishes for N = Z,
i.e., for a charge neutral two dimensional WS cell.
A1 = −B1
K0(xs)
I0(xs)
(15)
where
B1 =
Z
2πb2
(16)
It should be noted that although the physical meaning
of b is same but its expression is quite differnt from [12].
Finally
I0(xs) =
Z
Z −N
(17)
It is quite obvious from eqn.(17) that for N = Z, the
radius of the WS cell is infinitely large. It is also to be
noted further that for the finite value of the radius pa-
rameter x, N should be less than Z, i.e., the cell must
be in ionized state with net positive charge. In fig.(1) we
have plotted the variation of xs, the scaled radius param-
eter with N/Z. From the figure it is quite obvious that
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xs is finite for N/Z < 1. Whereas for the ratio tending
to unity, the scaled radial parameter increases sharply fi-
nally it diverges at N/Z = 1. Therefore in 2D, in the TF
case, the radius of a positively charged WS cell is finite,
whereas for the charge neutral case the radius of the WS
cell diverges. This is true even if there is stong quantizing
orthogonal magnetic field in 2D.
3 Thermodynamics of 2D Electron Gas
The expressions for internal energy density and the corre-
sponding kinetic pressure can be obtained from the first
principle following the standard books on statistical me-
chanics. We define the q-potential of Kramers in the form
[23]
q =
PS
kT
=
∑
i
ln[1 + exp(−α′ − βεi)] (18)
where P is the kinetic pressure, S is the surface area,
T is the temperature of the system, k is the Boltzmann
constant, α′ = α − βeφ, α = −µ/kT , with µ, the chemi-
cal potential of the electrons and β = 1/kT . In presence
of a strong orthogonal quantizing magnetic field, which
populates the electron Landau levels, the energy eigen
value corresponding to the nth. Landau level is given by
εn = (n +
1
2 )h¯ω = (n +
1
2 )ω for h¯ = 1. The total kinetic
energy of the electron gas is then given by
E =
(
∂q
∂β
)
α,S
=
eBS
2π2
∞∑
n=0
εn
exp[β(εn − µ′)] + 1
(19)
where µ′ = µ + eφ. For degenerate case, since the Fermi
distribution function reduces to unity, we have
E =
eBS
2π2
nmax∑
n=0
(
n+
1
2
)
ω (20)
On summing over n we can express the surface density of
electron kinetic energy in the form
ǫ(x) =
e2B2
4π2m
(nmax(x) + 1)
2
(21)
The kinetic pressure can also be obtained from q-potential.
Using the Euler summation formula (discussed in the Ap-
pendix) the degeneracy pressure for electron gas in 2D is
given by
P (x) =
m
4π2
(µ+ eφ(x))
2
=
e2B2
4π2m
(
nmax(x) +
1
2
)2
(22)
4 Electron Exchange Energy for B = 0 in 2D
We shall now obtain the electron exchange energy (see
[5] for three-dimensional case). For the sake of simplicity
we start with an ideal two-dimensional system of degener-
ate electron gas. In the case of a purely two-dimensional
electron gas, the electron-electron two body potential is
logarithmic in nature and may be expressed in the form
Vee = e
2 ln
(
| r − r′ |
a
)
(23)
where as stated before, e2 has the dimension of energy. In
2D, the normalized form of free electron wave functions
are given by
ψ(r) =
1
S
1
2
exp(ik.r) (24)
Then the exchange part of interaction may be written as
Uex(r)ψi(r) =
N∑
j=1
ψj(r)
∫
ψ∗j (r
′)V (| r − r′ |)
ψi(r
′)d2r′ (25)
which after some straight forward algebra may be ex-
pressed in the form
Uex(r)ψi(r) =
e2
S
3
2
∑
j
exp(ik.r)
∫
exp(i(k − k′).(r′ − r))
V (| r − r′ |).d2r′ (26)
Hence the expectation value for the electron exchange en-
ergy is given by
Uex =
e2
S
∑
j
∫
exp(iK.s)V (s)d2s (27)
where K = k− k′, s = r− r′ and d2s = sdsdθ. Then the
angular part of the integral is given by∫ 2pi
0
exp(iKs cos θ)dθ (28)
Now to evaluate this angular integral we use the following
trivial algebraic relation
exp(iks cos θ) = cos(ks cos θ) + i sin(ks cos θ) (29)
and use the standard relations [21]
cos(z cos θ) = J0(z) + 2
∞∑
k=1
(−1)kJ2k(z) cos(2kθ) (30)
and
sin(z cos) = 2
∞∑
k=0
(−1)kJ2k+1(z) cos(2kθ) (31)
where Jn(z) is the ordinary Bessel function of order n.
Then after some straight forward algebra we have the ex-
change interaction part
Uex =
2πe2
S
∑
j
∫
sdsJ0(ks)V (s)
=
2πe2
(2π)2
∫
d2k′
∫
sdsJ0(ks)V (s) (32)
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where we have used the relation 1S
∑
j −→
1
(2pi)2
∫
d2k′.
The integral given by eqn.(32) is obviously a diverging one
for logarithmic form of e − e coulomb potential as given
in eqn.(23). The coulomb exchange energy therefore has
infinite contribution in the case of ideal 2D electron gas,
which is totally unphysical in nature. Hence, to obtain a
finite contribution for the exchange part of e − e interac-
tion energy, we therefore follow an alternative approach.
Instead of an ideal two-dimensional system, we consider
a quasi two dimensional degenerate electron gas with an
width ∆z along the third dimension and we shall make
it tending to zero at the end [24]. The wave functions in
the x − y plane is as usual are given by eqn.(24), with r
replaced by x and y. In the z-direction the wave function
is assumed to be given by
φ0(z) =
1
(∆z)
1
2
cos
( πz
∆z
)
(33)
Then following [24] (see also [25]), we have for the limiting
case ∆z −→ 0,
Uex = −
4
3π
(2πne)
1
2 (34)
where ne = k
2
F /2π. The modified form of Thomas-Fermi
condition is then given by
µ =
k2f
2m
− eφ−
4
3
(
2
π
) 1
2
n
1
2
e (35)
Which is the Thomas-Fermi-Dirac condition in 2D sce-
nario. Hence
kF =
4m
3π
+m
(
16
9π2
+
2
m
(µ+ eφ)
)1/2
(36)
The other solution for Fermi momentum has been dis-
carded for obvious reason. Let us now substitute
8m
9π2
+ (µ+ eφ) =
Ze2
r
ω(r), (37)
Then we have from eqn.(36)
kF =
4π
3m
+ (2m)
1
2
Z
1
2 e
r
1
2
ω
1
2 (38)
Hence from the Poisson’s equation we can write down the
Thomas-Fermi-Dirac equation in the following form
r2
d2ω
dr2
− r
dω
dr
+ ω = r32me2
[
ω1/2
r1/2
+
4π
3m
1
(2mZe2)
1
2
]2
(39)
Writing r = ax, with x, the dimensionless radius parame-
ter and a is an unknown constant, the above equation can
be expressed in the following form:
x2
d2ω
dx
− x
dω
dx
+ ω = x3
[
ω
1
2
x
1
2
+ α
]2
(40)
with
a = (2me2)−
1
2 and α =
4π
3m
[
1
Z(2me2)
3
2
] 1
2
(41)
The complementary function can be obtained from the
solution of the homogeneous equation
x2
d2ω
dx2
− x
dω
dx
+ ω = 0 (42)
To get an analytical solution, we put x = exp(z), with
−∞ ≤ z ≤ zs, where zs corresponds to surface value.
Hence we have
(D2 − 2D + 1)ω(z) = 0 (43)
where D = d/dz. The solution of this equation, which is
the complementary function is then given by
ω = (A0 +B0z) exp(z) + 1 (44)
where A0 and B0 are two unknown constants. The factor
1 is put by hand to get the initial condition ω −→ 1 as
z −→ −∞ or equivalently x −→ 0. In terms of this new
variable z, the full form of Thomas-Fermi-Dirac equation
is then given by
(D2−2D+1)ω(z) = exp(3z)
(
ω
1
2 exp
(
−
z
2
)
+ α
)2
= F (z)
(45)
To obtain the particular integral, we follow the iterative
technique. On the right hand side of the above equation we
put the value of complementary function for ω which we
call as the zeroth iteration term and obtain the equation
(D2 − 2D + 1)ω(z) = F0(z) (46)
Defining (D − 1)ω = u, then
du
dz
− u = F0(z) (47)
where
F0(z) = exp(3z)[{(A0+B0z) exp(z)+1}
1/2 exp(−z/2)+α]2
Hence using the standard technique of integrating factor,
which in this case is exp(−z), we have
u(z) = exp(z)(F1(z)) (48)
where
F1(z) =
∫ z
−∞
exp(2z′)[{(A0 +B0z
′) exp(z′)}
1
2
exp(−z′/2) + α]2dz′ (49)
Here to obtain the complete solution, we demand that
exp(−z)u −→ 0 as z −→ −∞. Using the same integrating
factor technique, one can solve the equation
dω
dz
− ω = exp(z)F1(z) (50)
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Hence the complete solution is
ω(z) = exp(z)(A0+B0z)+1+exp(z)
∫ z
−∞
F1(z
′)dz′ (51)
Obviously ω(z) −→ 1 as z −→ −∞. It can further be
shown that the boundary condition in z-coordinate is given
by
dω
dz
|z=zs= ω(z) |z=zs (52)
Hence we get B0 = 1/xs. This particular value of B0 has
been used in the complete solution as given by eqn.(51).
The constant A0 can be obtained numerically, provided
the surface value xs is known. Further, the surface value
of scaled radius parameter and the constant A0 can be
solved numerically using the expression for total number
of electrons, given by
N = Z =
∫
d2rne(r) (53)
and eqn.(52). In x-coordinate eqn.(53) can be expressed
as
N = Z = b
∫ xs
0
dx
{
4π
3m
b
1
2x
1
2 + (2m)
1
2 (Ze2)
1
2ω
1
2
}2
(54)
In this case we have assumed that the number of elec-
trons within the WS cell is equal to the number of pro-
tons within the nucleus situated at the centre of the cell.
The WS cells are therefore charge neutral. As a conse-
quence, the electric field at the surface vanishes exactly.
We continue the iterative calculation for the particular in-
tegral, until the result converges. In fig.(2) we have plot-
ted the variation of scaled surface radius parameter with
the atomic number Z, which is also the number of elec-
trons within the two-dimensional WS cell. It is obvious
that initially for the low values of Z, the scaled parameter
increases monotonically with Z and finally for large Z it
saturates to some constant value. This type of variation
has not been observed in the case of Thomas-Fermi model
in 2D. Hence we may conclude that the radius of he charge
neutral WS cell is finite in TFD model.
5 Electron Exchange Energy for B 6= 0 in 2D
In presence of a strong quantizing magnetic field the semi-
analytical expression for exchange energy can be obtained
for electrons assuming that all of them occupy only their
zeroth Landau level. Here again we consider a quasi-2D
electron gas. In this case the numerically fitted form of
exchange energy is given by [9,10]
Uex = α[1− exp(−βpF )] (55)
with the average values for α ≈ 5MeV and β ≈ 1.5MeV −1
for the strength of magnetic field ranging from 1013G to
1015G. This range has special importance in the physics
of strongly magnetized stellar electron gas. In the present
situation, considering the exchange part inside a strongly
magnetized neutron stars or magnetars, the Thomas-Fermi-
Dirac condition is then given by
µ =
p2F
2m
− eφ− α[1 − exp(−βpF )] (56)
Hence one can obtain the numerically fitted form of Fermi
momentum, given by
pF = c(µ
∗ + eφ)ν (57)
where the average values for c ≈ 0.7 and ν ≈ 0.5 are
for the same range of magnetic field. Here µ∗ = µ + α.
Unfortunately, the Fermi momentum pF here is along the
third dimension, i.e, along z axis, which does not exist in
the present scenario. Hence we can conclude that exchange
interaction term does not contribute when a 2D electron
gas is placed in a strong magnetic field which populates
only the zeroth Landau level for the electrons.
6 Appendix
To evaluate the kinetic pressure for degenerate electron
gas in 2D in presence of strong quantizing magnetic field,
we use the Euler summation formula as given bellow [21]
∞∑
j=0
f
(
j +
1
2
)
≈
∫ ∞
0
f(x)dx +
1
24
f ′(0) (58)
Then from eqn.(18) the q-potential can be re-written in
presence of an electrostatic potential φ in the following
form
q =
∑
i
ln[1 + exp(−α′ − βεi)] (59)
where α′ = α+ βeφ = β(−µ− eφ). Hence
q =
SeB
2π2
∞∑
n=0
ln
[
1 + exp
(
−α′ − β
(
n+
1
2
)
ω
)]
=
SeB
2π2
[∫ ∞
0
ln[1 + exp(−α′ − βxω)]dx
]
−
SeB
2π2
[
βh¯ω
1
exp(α′) + 1
]
(60)
After evaluating the integral by parts, we have
q =
SeB
2π
βω
[∫ ∞
0
xdx
exp(α′ + βxω) + 1
−
1
exp(α′) + 1
]
(61)
For T = 0, or T ≪ TF , where TF is the Fermi tempera-
ture, given by µ = TF , for kB = 1, the second term exactly
vanishes, whereas in the first part, putting the Fermi dis-
tribution = 1, it gives µ′
2
/2ω, with µ′ = µ + eφ. Then
substituting the value of the integral in eqn.(61), we have
q = βPS =
SeB
4π2
β
1
ω
µ′
2
(62)
Hence
P (r) =
m
4π2
(µ+ eφ(r))2 (63)
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7 Conclusion
It is quite surprising that the form of Thomas-Fermi dif-
ferential equation in 2D in presence of strong quantizing
magnetic field is exactly identical with that of zero field
case. The exchange part of electron energy does not ex-
ist in 2D in presence of strong quantizing magnetic field.
The Fermi momentum obtained in this case is along z-
direction, which is suppressed in ideal 2D case. The Thomas-
Fermi-Dirac equation therefore can not be obtained for a
2D electron gas in presence of a strong quantizing mag-
netic field. However, in absence of magnetic field, exchange
energy can be obtained assuming a quasi 2D structure and
finally making the width along the third dimension tend-
ing to zero. Hence one can formulate Thomas-Fermi-Dirac
model in 2D scenario for an electron gas. We have noticed
that the radius of a two dimensional charge neutral WS
cell is infinitely large. On the other hand it is finite if
N/Z < 1, i.e., the cell is ionized and carrying some effec-
tive positive charge. In usual three dimensional case also
the radius of an atom can not be finite in Thomas-Fermi
model. However, in Thomas-Fermi-Dirac model the radius
of a two dimensional charge neutral WS cell is found to
be finite. We have also noticed that the size of circular
shape WS cell does not depend on the strength of mag-
netic field, even if it is of astrophysical order. Because of
two dimensional structure, there is no distortion of circu-
lar type WS cells to elliptical form. On the other hand,
in the usual three dimensional case, because of pressure
anisotropy within the WS cells, a distortion to ellipsoidal
shape may occur in presence of strong quantizing mag-
netic field. In the usual three dimension, the anisotropy
increases with the increase of the strength of magnetic
field. Then in the extreme case, it can be shown that a
WS cell acquires a needle like shape with its length along
the direction of magnetic field.
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Fig. 1. Variation of xs, the scaled surface value of radius parameter with the ratio N/Z
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Fig. 2. Variation of xs, the scaled surface value of radius parameter with Z
